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Abstract . In this research, the effect of a heating system, which is powered by direct solar energy accumulated
in phase change material (PCM) as heat storage material installed on the floor surface, on the cooling load was
studied. Cooling load of a test building designed for this research was measured with fan coil unit and factors
affecting it were also estimated. Experiments were performed with and without PCM installed on the building floor
to understand the effect of the PCM on the cooling load. Additionally, to confirm the experiments results, the
prediction calculation formula by average outside temperature and integrated solar radiation was composed using
multivariate regression model. The results suggested that the heating system with PCM on the floor surface has

the potential to shift electric power peak by radiating heat, stored during the daytime in it, at night, not increasing
the total cooling load much.
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Table 1 All Data Point at Testing Device

Part Point Number Sensor
2 PT-100
Pipe Water Temp. 16 T-type Thermocouple Sheath
Surface Temp. 4 T-type Thermocouple
Fig. 1 Testing Device Water Flow 8 Wheel type Flowmeters
4 PT-100
A:I(:;?d Wafer Temp. 4 T-type Thermocouple Sheath
Air Temp. 10 T-type Thermocouple
RN y Pump ‘Water Flow 2 Magnetic Flowmeters
- anas! \1 Air Temp. 58 T-type Thermocouple
: e Humidity 3 Capacitive humidity sensor
E orti2270) £ Surface Temp. 75 T-type Thermocouple
| Houseof Globe Temp. ° Thenmmete?(l]gli’;neteﬁimn)
HRsRuE ‘ crone | Erue | croue | Arone Heat Flow 58 Heat Flow Mater
A i = T o PMV 1 Amenity Mater
H i I I Labo Solar Radiation 9 Pyranometer
i ratory Temp. Distribution 1 Thermography
g | WaterTank ta At Area of sunny place 1 Digital Camera
; il Unit . e PCM Temp. 12 T-type Thermocouple
FFioor Heating o SAT Temp. 5 SAT Mater
Hea"P”"‘g i i T Short/Long Wave 1 Albedo Mater
= SRLL . Semiconductor Sensor type
PR L e e e T AirFlow 1
éa'n'co..u".‘ —-INDEX — P:m . _ Flowmater
’?m.:, = e © = | LD Temp Flunidity |1 Hygrothemograph
&} FoMenpemu Seinson 0] Plate0.5 Wind Velocity/Direction 1 Propeller type Anemometer
Weather | Global SolarRadiation 1 Pyranometer
Fig. 2 Facility Ground Plans and Specific Distribution Direct Solar Radiation 1 Pyrheliometer
Solar Altitude/Azimuth 1/1 Sun Chaser

Diagram of the Equipment
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Table 2 Performance of Phase Change Materials

PCM Phase | Latent [ Thermal | Specific | Specific
IChange Heat [Conductivity  Heat Gravity ‘Emn
e [C] |ikikel| Tig [Solid| Liq [Solid| Liq [Sofid]|"
20PCM(CaCl,
- 6H,0) 20 150 [0.581.06| 2.1 | 1.5 | 1.56|1.75|120
30PCM(Na,So,
- 10H,0) 30 100 [0.280.19| 3.5 | 3.6 | 1.41|1.39|136
section Surface of the Floor Temperanure
oorn Iside of the Floor Temperature
Mg Under the Floor Temperature Sl ot

20PCM20.0 t
e | e e
30PCM20.0 t— reg—r e

H

—— Heat Flux Meter

J%

Urethane Foam

20PCM Teinperature
0PCM Temperature

Composite Panel 24.0 ¢

]
Styrene Foam 75.0 :

CA i 1 A
Plan ! : ! !
Surface of the Floor

(Flooring)

|

Steel plate
PipeFin A
20pCM = r
30PCM
90 ||
'
{0 WaterFlow 0 S
Water Retum = Water Supply

Fig.3 Cross Section and Flat Surface of PCM Panel
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Table 3 Measurement Methods of Each Sources

ElementofLoad | Sign Formula [Unit : W]
FC Load Lyc ow * Pw * Vwrc * (Tw e re Tw v ro)
Incoming
Solar Radiation Qo Lsours * Swax
Conduction Qu 2(@ware * Swar)2(Acer * Scew)
Heating Wall AL +apx * (Srr-Sp rr)- Qsor
I;Z?Sgﬁ;?; Qwiv (TGLOBEiNORTH' TSAT)VJN) * U * Sy
[nterior Heat Gain| Q,g Wattmeter
PCM Storage | Qpew | 2(9rr o™ * Sp pra)- 2 12 ™ * Sp pre)
Heat Balance Lec = Qs FQuwarr FQwintQastQpen

*I(+)Heat Flow is Downside

Conduction Heating_ Wall

Conduction

Indoor Temp. 26 C
FC Load erior Heat Gain

Heat Pump

® ikl

Radiation

PCM Storage
1

Fig.4 Concept of Sources about Cooling Load
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Fig.6 FCU Inlet Water Temperature and Flow(2009/7/16)
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Diffuse Irradiance W/ nmi
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1500
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Fig.7 Results of Test With PCM Panel(2009/7/16)
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Fig.8 Results of Test Without PCM Panel(2009/9/8)
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